REVERSE TORQUE INPUT DETECTION SYSTEM 

FOR 

V-BELT TYPE CONTINUOUSLY VARIABLE TRANSMISSION 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a reverse torque input 
detection system which detects a torque input in reverse direction 
transferred from an output shaft of a V-belt type continuously 
variable transmission. 

Description of the Prior Art 

V-belt type continuously variable transmissions 
(hereinafter referred to as a "belt-CVT" ) provided with a V-belt 
are conventionally used as a continuously variable transmission 
suitable for vehicles. 

In a belt-CVT, a V-belt is placed over a primary pulley and 
a secondary pulley wherein the groove widths of the primary pulley 
and the secondary pulley are variably controlled by hydraulic 
pressure. 

The primary pulley and the secondary pulley are provided with 
a primary cylinder chamber and a secondary cylinder chamber 
respectively. To the primary cylinder chamber is supplied 
primary pressure obtained by regulating line pressure, and to the 
secondary cylinder chamber is supplied secondary pressure 
obtained by regulating line pressure respectively. The groove 
widths of the primary pulley and the secondary pulley are changed 
by hydraulic pressure supplied to the respective cylinder chambers 
during running of the vehicle, and gear ratio is continuously 
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changed according to a contact radius ratio (pulley ratio) between 
the V-belt and the respective pulleys. 

In this type of a belt-CVT, when a torque is applied to an 
output shaft in a direction opposite to the output rotation 
direction of the output shaft, the hydraulic pressure balance 
between the primary pressure and the secondary pressure is lost, 
the primary pressure decreases and a torque capacity becomes 
insufficient. This is the situation when torque in the opposite 
direction is applied to an output shaft of a belt-CVT as, for 
example, when a vehicle moves backward from the state in which 
the vehicle was stopped on an up-hill road. 

To detect a reverse rotation of the output shaft, a pair (two) 
of revolution sensors are installed near the primary pulley and 
the direction of the rotation transmitted to the output shaft is 
detected from the order of the pulses read by the revolution 
sensors . 

This type of conventional belt-CVT has a disadvantage from 
the viewpoint of cost because it requires a pair (two) of 
revolution sensors to detect the direction of rotation externally 
applied to the output shaft. 

SUMMARY OF THE INVENTION 

In view of the aforementioned problem, it is an object of 
the present invention to provide a reverse torque input detection 
system for a belt-CVT that detects the direction of torque applied 
to an output shaft of a belt-CVT without using special revolution 
sensors . 

In the present invention, reverse torque input detection 
means start the detection process after a throttle opening sensor 
detected a throttle valve fully closed and a brake sensor detected 
a brake state change from ON to OFF, and determine the presence 



of a reverse torque applied to an output shaft of a belt-CVT based 
on a primary pressure being lower, by a predetermined value, than 
the primary pressure detected when a brake sensor detected the 
brake state being ON and a secondary pressure being no lower, by 
a predetermined value, than the secondary pressure detected when 
the brake sensor detected the brake state being ON. 

According to the present invention, by detecting a reverse 
torque input applied to a belt-CVT based on the outputs of two 
hydraulic pressure sensors, i.e. , a hydraulic pressure sensor for 
primary pressure and a hydraulic pressure sensor for secondary 
pressure which are conventionally installed in a belt-CVT, it is 
not required to provide a pair (two) of revolution sensors near 
the primary pulley and near the secondary pulley, respectively. 
Since only one revolution sensor each is required to be installed 
near the primary pulley and near the secondary pulley, cost 
reduction can be achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a preferred embodiment of 
the present invention. 

FIG. 2 is a flow chart showing the process of reverse torque 
input detection according to the embodiment of the invention. 

FIG. 3 is a timing diagram showing the state of a vehicle 
on an inclined road. 

FIG. 4 is a timing diagram showing the state of a vehicle 
on a flat road. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The preferred embodiment of the present invention is 
described in the following with reference to the accompanying 



drawings . 

Fig. 1 is a schematic block diagram showing an embodiment 
in which the present invention is applied to a belt CVT. 

A transmission mechanism 10 is, as a pair of pulleys , provided 
with a primary pulley 16 and a secondary pulley 26 , which are 
connected to each other via a V-belt 24 . The transmission mechanism 
10 is connected to an engine not shown in the drawing via a torque 
converter 12 provided with a lock-up clutch 11. 

The primary pulley 16 forms a V-shaped groove with a fixed 
conical plate 18 which rotates integrally with an output shaft 
of the torque converter 12 and a movable conical plate 22 so 
arranged as to oppose the fixed conical plate 18, and is provided 
with a first cylinder chamber 2 0 to apply hydraulic pressure on 
a back surface of the movable conical plate 2 2 to displace it in 
an axial direction. 

The secondary pulley 2 6 forms a V-shaped groove with a fixed 
conical plate 30 which rotates integrally with an output shaft 
on the side of an axle not shown and a movable conical plate 34 
so arranged as to oppose the fixed conical plate 30. The movable 
conical plate 34 is forced in the direction of narrowing the pulley 
groove width by a return spring not shown, and is provided with 
a second cylinder chamber 32 to apply hydraulic pressure on a back 
surface of the movable conical plate 34 to displace it in an axial 
direction. 

The transmission mechanism 10 is controlled by a hydraulic 
pressure control valve 3 according to signals from a CVT control 
unit 1. The hydraulic pressure control valve 3 generates line 
pressure by regulating oil pressure supplied from a hydraulic 
pressure pump 80. Also the hydraulic pressure control valve 3 
generates a primary pressure by regulating the line pressure to 
a specific pressure level according to signal from the CVT control 
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unit 1 and supplies the primary pressure to the first cylinder 
chamber 20. Similarly , the hydraulic pressure control valve 3 
generates a secondary pressure by regulating the line pressure 
to a specific pressure level and supplies the secondary pressure 
to the second cylinder chamber 32. 

The pressure receiving area of the first cylinder chamber 
20 is set larger than the pressure receiving area of the second 
cylinder chamber 32. 

For the feedback control of the hydraulic pressure to be 
supplied to the first cylinder chamber 2 0 and the second cylinder 
chamber 32, a primary hydraulic pressure sensor 40 is provided 
on a hydraulic line connecting to the first cylinder chamber 2 0 
to measure the primary pressure, and a secondary hydraulic 
pressure sensor 41 is provided on a hydraulic line connecting to 
the second cylinder chamber 32 to measure the secondary pressure. 
The measurement results f rom the primary hydraulic pressure sensor 
40 and the secondary hydraulic pressure sensor 41 are inputted 
into the CVT control unit 1 . 

The CVT control unit 1 controls the hydraulic pressure 
control valve 3 based on the engine torque estimated by a throttle 
valve opening (accelerator pedal position) TVO received from a 
throttle opening sensor 5 and an engine speed Ne, in addition to 
a select position signal received from an inhibitor switch 8. 

Connected to the CVT control unit 1 are a first rotational 
speed sensor 6 and a second rotational speed sensor 7 detecting 
the rotational speed of the primary pulley 16 and the secondary 
pulley 26 respectively, and the gear ratio of the transmission 
mechanism 10 is calculated according to the detected signals 
thereof. Furthermore, a brake switch 42 is connected to the CVT 
control unit 1 and the CVT control unit 1 detects brake ON and 
OFF states. 
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The primary pressure applied to the first cylinder chamber 
20 is controlled by the hydraulic pressure control valve 3, thereby 
the groove width of the primary pulley 16 is changed, while the 
secondary pressure applied to the second cylinder chamber 32 
controls the holding pressure on the V-belt 24; thereby gear 
shifting is performed and the driving force is transmitted 
according to the contact-f rictional force between the V-belt 24 
and each pulley 16 and 26. 

When the groove width of the primary pulley 16 is widened 
to have the pulley ratio Low (low-speed side) , wherein the radius 
of the primary pulley 16 in contact with the V-belt 2 4 is small 
and the radius of the secondary pulley 26 in contact with the V-belt 
24 is large, the gear ratio increases and reduced engine 
revolutions are outputted to the axle side. Conversely, when the 
pulley ratio is Hi (high-speed side), engine speed is outputted 
at a reduced gear ratio. Between the two states, the gear ratio 
changes continuously according to the ratio of the radii of the 
primary pulley 16 and the secondary pulley 26 in contact with the 
V-belt. 

The detection of a reverse torque input to a belt-CVT 
according to the embodiment of this invention is explained in the 
following. 

FIG. 2 is a flow chart showing the flow of control performed 
by the CVT control unit 1 in the detection of a reverse torque 
input. FIG. 3 is a timing diagram showing the state of a vehicle 
stopped on an inclined road (up-hill) and the changes of the 
primary pressure and the secondary pressure. 

In a step 100, the CVT control unit 1 determines whether the 
signal from the throttle opening sensor 5 is 0/8 (throttle valve 
opening is fully closed) . If the throttle valve opening (TVO) 
is 0/8, the routine proceeds to a Step 101. In the step 101, it 
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is determined whether the signal from the brake switch (BRK SW) 
42 is ON indicating the brake pedal is depressed. The vehicle 
at this point is stationary and the speed is 0 km/h as shown in 
FIG. 3. 

The secondary pressure (Psec) detected by the secondary 
hydraulic pressure sensor 41 and the primary pressure (Ppri) 
detected by the primary hydraulic pressure sensor 40 when the brake 
state is ON are denoted by PsecO and PpriO respectively. 

In a step 102 , it is determined whether the signal from the 
brake switch (BRK SW) 42 is OFF indicating that the brake is 
released. The time when the brake release is detected is denoted 
by tl. When the brake is released, the vehicle starts to move 
backward gradually with an increasing vehicle speed as shown in 
FIG. 3. 

In a step 103, it is determined whether a time period for 
preventing erroneous detection due to an inertial torque 
correction has passed from the time tl when the brake was released. 

The CVT control unit 1 performs inertial torque correction 
to increase the primary pressure and the secondary pressure so 
as to prevent a V-belt slippage due to the inertial torque when 
the vehicle speed is equal to or higher than a predetermined speed 
while the brake is ON. Accordingly, at the time tl when the brake 
state changes from ON to OFF, the inertial torque correction stops 
and a decrease of primary pressure and secondary pressure occurs. 
To avoid detecting this decrease of hydraulic pressure, the 
detection of a reverse torque input to a belt-CVT is started from 
time t2 when the time period for preventing erroneous detection 
has elapsed. In FIG. 3, no inertial torque correction is 
performed because the vehicle speed is below the predetermined 
speed, and no decrease of the hydraulic pressure occurs at the 
time tl to the primary pressure and the secondary pressure. 
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When it is determined in the step 103 that the time period 
for preventing erroneous detection has elapsed, the CVT control 
unit 1 starts in a step 104 the process of reverse torque input 
detection* The reverse torque input detection is performed by 
determining whether the primary pressure (Ppri) and the secondary 
pressure (Psec) satisfy the following equations: 
Psec > PsecO - APsec (1) 
Ppri S PpriO - APpri (2) 
where A Ppri is O.lMpa for example. 

When there is a reverse torque input to a belt-CVT, the 
hydraulic pressure balance between the primary pressure and the 
secondary pressure is lost and in time the equations (1) and (2) 
will be satisfied. Accordingly, it is possible to determine the 
presence of a reverse torque input to a belt-CVT by examining 
whether the primary pressure and the secondary pressure satisfy 
the equations ( 1 ) and ( 2 ) . 

If the pressure relationship of the equations (1) and (2) 
is determined to be met through the steps 104 and 105, the process 
proceeds to a step 106 and a reverse torque input to the belt-CVT 
is determined to have been detected at time tX when the 
relationship of the primary pressure (Ppri) and the secondary 
pressure (Psec) was as described in equations (1) and (2). 
Subsequently in a step 107, the primary pressure is raised to 
prevent the decrease of torque capacity. 

On the other hand, if the secondary pressure is determined 
not to satisfy the pressure relationship of the equation (1) in 
the step 104, the process returns to the step 100. 

If the primary pressure is determined not to satisfy the 
pressure relationship of the equation (2) in the step 105, the 
process proceeds to a step 108. In the step 108, it is determined 
whether a predetermined duration of time for terminating the 
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reverse torque detection process has elapsed from the time t2 , 
which is the start of the detection process. If the specified 
time has not elapsed, the process returns to the step 104 and the 
reverse torque input detection process is resumed. If the 
specified time is determined to have elapsed, the process returns 
to the step 100 and the aforementioned steps are repeated. 

FIG. 4 is a timing diagram showing the changes of the primary 
pressure and the secondary pressure when a vehicle is on a flat 
road. 

The accelerator pedal is not depressed by the driver of the 
vehicle, and the vehicle is running while decelerating. 
Consequently, the throttle opening sensor 5 detects 0/8. The 
brake state is ON between time tO and time tl, and the brake switch 
(BRK SW) 42 detects ON. 

Between the time tO and the time tl, the primary pressure 
and the secondary pressure are raised by the inertial torque 
correction. The primary pressure and the secondary pressure when 
the brake state is ON are denoted by PpriO and PsecO respectively. 

At the time tl when the brake state changes to OFF, the 
inertial torque correction is stopped and the primary pressure 
and the secondary pressure start to decrease. Furthermore, after 
the time tl, the vehicle speed gradually increases due to creeping. 

The process of reverse torque input detection is started from 
the time t2 when the time period for preventing erroneous detection 
due to inertial torque correction has elapsed from the time tl 
when the brake was released. On a flat road, both the secondary 
pressure and the primary pressure decrease and the aforementioned 
pressure relationship between the secondary pressure and the 
primary pressure is not met. Consequently, the CVT control unit 
1 determines that there is no reverse torque input to the belt-CVT. 

Thus, starting at the time t2 when the time period for 
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preventing erroneous detection has elapsed from the time tl when 
the brake was released, the CVT control unit 1 can detect a reverse 
torque input to a belt-CVT by monitoring the changes of the 
secondary pressure and the primary pressure and determining 
whether they satisfy the pressure relationship defined by the 
equations (1) and (2). 

In this embodiment, steps 104 to 106 constitute the reverse 
torque input detection means of the present invention. 

This embodiment is structured as described above and the 
process of a reverse torque input detection starts at the time 
t2 when the time period for preventing erroneous detection has 
elapsed from the time tl when the brake state changed from ON to 
OFF while the throttle valve opening was 0/8. The CVT control 
unit 1 determines the detection of a reverse torque input when 
the secondary pressure and the primary pressure satisfy the 
specified pressure relationship. 

Thus, a reverse torque input to a belt-CVT can be detected 
from measuring the pressure changes of the primary pressure and 
the secondary pressure using the primary hydraulic pressure sensor 
40 and the secondary hydraulic pressure sensor 41 which are 
conventionally used for the feedback control of the primary and 
secondary pressure. Consequently, a pair of revolution sensors 
conventionally used is no longer required, and a cost reduction 
becomes possible . 

Furthermore, the reverse torque input detection process 
starts after the time period for preventing erroneous detection 
has elapsed from the time tl when the brake state changed from 
ON to OFF while the throttle valve opening is 0/8; thereby the 
reverse torque input detection process is prevented from detecting 
and determining erroneously a reverse torque input from the 
decrease of hydraulic pressure caused by ending the inertial 
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torque correction on the primary and the secondary pressure. 
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